Abstract. Based on the CFD method, the numerical analysis of the box girder of Gulongshan Bridge is carried out.The static wind coefficient of the bridge box girder under different working conditions is extracted,The influence of the static wind coefficient on the wind speed, the angle of attack and the beam height is analyzed, and the variation characteristics of the flow field of the box girder under various working conditions are analyzed.The results show that the influence of wind speed, angle of attack and beam height on the lift coefficient of beam section is larger, the resistance coefficient is second, and the influence of moment coefficient is not significant. As the height of the box girder increases, the flow field becomes more complex.
Introduction
With the bridge span, the pier height is increasing, the structural quality is getting lighter, the structural stiffness is getting smaller and the structure damping is getting lower,leading to the increasing sensitivity to wind-induced effects.The static wind load, as one of the bridge control loads, is precisely predicted at the design stage.At present, the mainstream method is to put a reduced proportion of the segment model placed in the wind tunnel, through the experimental measurement of Static wind coefficient, and then through the "Highway Bridge Wind Design Code" provides the formula to calculate the static bridge static wind load.Meanwhile, the static coefficient aerostatic wind angle of attack curve is established based buffeting forces of the quasi-static theory. This makes it necessary to extract the Static wind coefficient of the bridge [1, 2] . In recent years,computational fluid dynamics (CFD) technology has been used in more and more projects with its advantages over time and wind tunnel tests, which are time-consuming, low-cost and visual [3, 4] .At the same time, many scholars have been more fully validated CFD method for extracting three-point coefficient of the feasibility and reliability.
Static wind coefficient
The wind has a characteristic of flow,so it will have some deformation in the structure of the wind field.When the wind is uniform, the effect of air flow on the structure is equivalent to a static load.The ternary force coefficient is a set of dimensionless coefficients designed to describe the static wind load.
According to Bernoulli equation:
Where "U"is the incoming velocity.The flow rate faster on the"P"(pressure) value is smaller than the large flow rate point pressure value.The surface of the bridge section of the pressure difference between the surface of the integral,obtained by the cross-section of the lift load.Similarly, the area difference between the front and back surfaces of the bridge section is the resistance load of the bridge section.In addition, the lift force and the load resistance of the joint force point often does not coincide with the cross-shaped heart, then the force is bound to produce torque relative to the centroid.Therefore, the entire bridge section of the load by the lift force Fd, resistance Fl, torque Fm three components,As shown in Fig 1. The existence of the bridge section changes the flow field distribution characteristics of the wind load is the root cause. Without changing the other external factors under the conditions of the impact,The wind loads produced by the two sections with similar shape are proportional to their characteristic dimensions.Thus,we introduce three dimensionless coefficients Cl, Cd, and Cm for the convenience of describing the static wind loads with similar features.It can be expressed as [5] :
Where"D"is the height of the bridge section,"B"is the width of the bridge section.In order to uniform feature size and calculation convenience, this paper defines the Static wind coefficient,which is:
then:
The establishment of the calculation mode Project Overview.Gulongshan Bridge is located in Baise City, Guangxi Province, Jingxi County, Lake Town, the ancient Longshan Scenic Area.The bridge is a high-pier large-span curved rigid-framed bridge with a bridge span of 65m + 3 * 120m + 65m. The upper structure adopts the single-box single-chamber section, and the box-beam section size is: the roof is 12.75m, the bottom plate is 7.0m, the middle height is 3.0m, the top of the pier is 7.0m, and the beam is changed by 1.5 times parabola [6] ,as shown in fig 2. Calculate the condition.In order to accurately reflect the static wind response of box girder under different conditions, this paper simulates the cross section of box girder from three aspects: wind speed, wind angle and beam height.In the wind speed, the maximum wind speed of 20.8m / s in the past three decades was obtained from the Chinese meteorological data network. The total distance of 2m / s-20m / s and 21m / s was 2m / s Conditions for simulation analysis.In the aspect of wind attack angle, according to the requirements of "Highway Bridge Wind Design Code", the simulation analysis was carried out at 0 degrees to plus or minus 10 degrees with a gradient of 2 degrees.Finally, in the aspect of beam height, the middle bridge crosses the top of the pier, and the cross section of 1/8, 1/4, 3, 8, 1/2 span is simulated. Computational domain and boundary conditions.The selection of the calculation domain and the boundary condition directly affects the accuracy of the calculation result.In this paper, the selection of domain and boundary conditions is shown in Fig 3, where B is the characteristic size, ie, the width of the beam [7] .
Fig.1 The three components of the wind load under the body axis

Fig.2 Schematic diagram of the cross-section and cross-section of the mid-span pier (unit:m)
Meshing and solving calculations.The purpose of meshing is to discretize the computational domain.In this paper, the grid is divided by ANSYS ICEM CFD14.0 software.The division pattern is dense and close, that is, the grid is changed in the violent position of the change of the flow field. In other positions, the excessive area is set up with the sparse grid and the dense grid, and the number of the grid is about 80,000.The advantage of doing so is to ensure that the flow field simulation accuracy of the case to save a lot of computing time [8] .The grid diagram is shown in Figure 4 . The numerical simulator solver is FLUENT, the mathematical model is incompressible Renault N-S equation.The turbulence model is standard ε − K model, the turbulence intensity is 0.5%, and the turbulence viscosity ratio is 10. Table 1 , we can see that with the increase of wind speed, the drag confficient is slowly increasing from 0.2660 to 0.2727.The lift coefficient is increasing from 0.4378 to 0.6429.The moment coefficient is slightly fluctuating between -0.1946 and -0.1988, and the maximum absolute value appears at 8m / s. Fig 5 shows that the drag confficient, torque coefficient with the wind speed changes smaller;The lift coefficient is more sensitive to the change of wind speed, and increases with the increase of wind speed. The rising rate decreases with the increase of wind speed.
From Fig 6 ,the peak value of the positive pressure at the wind speed appears at the junction of the windward surface of the box girder and the web, and the peak of the negative pressure appears on the windward side of the bridge.By comparing the difference between the positive and negative pressure peaks, it can be seen that the difference between the two increases with the increase of the wind speed.This also explains that the lift coefficient increases as the wind speed increases, and the difference between the positive and negative pressure on the surface of the box girder increases as the wind speed increases.
Fig.6 2m/s, 6m/s, 10m/s, 14m/s, 18m s wind pressure
Analysis of static wind coefficient and flow field under different angles of attack.The mid-section of the box girder is selected and the wind field is simulated at a wind speed of 10 m/s.In this paper, the Static wind coefficient is calculated under the wind angle condition, that is, the flow direction is taken as the coordinate axis.The results are processed as follows:
From Table 2 we can see that the drag confficient between 0.2641 ~ 0.3588, from the minimum value of the angle of attack -2 degrees to both sides of the increase.Lift coefficient between -0.0937 ~ 0.5946, the larger range of change.The torque coefficient is between -0.1157 and -0.2066, similar to the drag confficient, the minimum value is generated at -2 degrees, increasing to both sides. Fig 7 we can see that the lift coefficient of the largest change in the degree of 0 degrees to the maximum value of both sides of the decline, and the negative attack angle side of the rate of decline is significantly greater than the angle of attack.The reason is that the upper surface is flat with the lower surface, with the change of the angle of attack above the surface of the main surface, the air flow faster.
Fig.5 Wind pressure curve at differentwind speeds
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Fig 8 shows that the 0 degree angle of attack than the +10, -10 degrees under the angle of attack more richer flow.Which -10 degrees when the angle of attack, the beam near the surface of the streamline than +10 degrees angle of attack smooth.Indicating that the beam section under the negative angle of the box under the beam force is better than the angle of attack.It can be seen from Fig. 9 that the change of the angle of attack has a great influence on the pressure distribution of the flow field of the box girder, especially the negative pressure zone.In the -10 degree angle of attack, the tail negative pressure area from the phenomenon. Table 3 From Fig. 11 , as the height of the box girder increases, the flow field becomes more complex.Mainly as the beam height increases, the negative pressure range to the tail movement, 2/8 beam high negative pressure zone gradually out of the box surface, and began to dissipate. 
Conclusions
Based on the Gulongshan Bridge, this paper analyzes the static wind response of the bridge box section from multiple angles, and draws the following conclusions:
First, for the Gulongshan Mountain Bridge, the cross-section has a maximum wind speed of 21m / s over the years, the drag confficient is 0.2727, the lift coefficient is 0.6429 and the torque coefficient is -0.1957.In the wind speed 10m/s, the more close to the top of the pier section, lift coefficient, the greater the drag confficient.
Second, the effect of wind speed on the lift coefficient is the most obvious, and with the increase of wind speed, the lift coefficient gradually increases and the growth rate decreases. The peak value of the positive pressure at the wind speed appears at the junction of the windward side of the box girder and the web, and the negative pressure peak appears on the side of the bridge near the windward side.
Third, the effect of the angle of attack on the lift coefficient is most obvious.When the wind speed is 10m / s, the maximum value of the lift coefficient appears at 0 degree angle of attack, and decreases at the same time to the positive and negative angle.The change of the angle of attack has little effect on the drag confficient and the torque coefficient.Wind speed at 10m/s, -10 degrees when the angle of attack, the beam near the surface of the streamline near +10 degrees angle of attack smooth.Indicating that the beam section under the negative angle of the box under the beam force is better than the angle of attack.
Fourth, the ternary force coefficient is sensitive to the change of the cross section height, the lift coefficient, the maximum drag confficient and the torque coefficient.As the height of the box girder increases, the flow field becomes more complex.Mainly, as the beam height increases, the negative pressure zone moves to the tail, and the negative pressure zone gradually withdraws from the surface of the box girder and begins to dissipate.
